Semiconductor crystals have been used for more than 30 years in the production of nuclear radiation detectors. From the very narrow depletion layers of diffused p-n-junctions of the very early days, we have come to large volume high-purity germanium detectors. A great effort in research and development of semiconductor materials and methods was necessary to arrive at the present results. It is not possible to honor the numerous contributions, inventions, and discoveries in this lecture. The SPE can be used to produce thin doped layers. The aluminum-germanium system has already been successfully applied in high-purity germanium detector fabrication.6 A very important condition has to be met in order to achieve uniform regrowth layers with the SPE technique. The interface between metal and semiconductor has to be as free of any oxides or contaminants as possible.
Around that time, Hall at General Electric predicted3 that it maybe possible to develop germanium pure enough that no lithium drift process was needed to produce large volume radiation detectors. Today, we are in a position to fully appreciate Hall's good judgment. Detectors made from high-purity germanium are commercially available. A large part of this lecture will deal with the recent exciting results obtained with ultra-pure germanium.
Silicon purification and crystal growth for detector applications have not experienced as rapid a progress as germanium. This in part is due to the much larger difficulties encountered in the silicon processes and to the rather limited interest on the part of commercial places in the problem. It can be rather difficult at times to obtain detector grade silicon.
Rather than spending time on the Si-problem, I will try to summarize recent results obtained from studies of solid phase epitaxy, of ionimplantation and of regrowth of amorphous layers. Many of these new results have been applied to detector making.
With the limited time and space available, I have to assume that the basic physical concepts of a semiconductor are known.
Novel Techniques 1) Solid Phase Epitaxy (SPE)
Mayer's group at the California Institute of Technology has worked for several years on SPE. 4 SPE can be used to produce thin doped layers. The aluminum-germanium system has already been successfully applied in high-purity germanium detector fabrication.6 A very important condition has to be met in order to achieve uniform regrowth layers with the SPE technique. The interface between metal and semiconductor has to be as free of any oxides or contaminants as possible.
2) Silicides and Germanides
If very large amounts of semiconductor material are dissolved in a metal layer (more than -30%), one talks about silicides7'8 or germanides.9 Figure 3 ( It is now possible for the first time to stack many high-purity germanium detectors to obtain a virtually windowless telescope. A seven-and a three-detector telescope are under construction at Lawrence Berkeley Laboratory (LBL).
A new technique for the production of coaxial germanium detectors with nearly constant electrical field was introduced by Hall.16 He demonstrated that by controlled out-or in-diffusion of limited amounts of lithium it is possible to obtain radial concentration gradiants which lead to uniform field at a defined bias.
High-purity Germanium
Despite the fact that high-purity germanium has been commercially available for quite some time, we have the feeling that it is still in the development stage. This point can be illustrated by some of the recent results obtained from experiments with zone refining, "monodes," hydrogen in germanium and infrared photoelectric spectroscopy with stressed crystals.
Once it was clear that the difficulties in obtaining high-purity germanium were not caused by random or systematic contamination from the crystal pulling equipment but were due to the poor segregation of the impurities boron and aluminum,17 it was possible to concentrate the effort towards this problem. Hubbard, et.al., 18 have demonstrated that oxygen and silicon form with the acceptors boron and aluminum complexes which are electrically inactive and segregate very poorly (segregation coefficient k close to 1). This kind of gettering action can be beneficial because it reduces the acceptor concentration. On the other hand, it prevents efficient segregation, the basis of purification of semiconductors and other substances. Hubbard, et.al., showed that both silicon and oxygen can be controlled by appropriate choice of container and coating materials and ambient atmosphere. They have succeeded to reduce Al and B to levels below 1010 cm-3 independent of the concentrations in the intrinsic grade polycrystalline Ge ingots which are commercially available.
The "monode" as invented by Hall19 has made an old dream of device people real (Fig. 7) . The monode is a piece of semiconductor crystal which shows one type of electrical conduction in the interior and the opposite type on the whole surface. In other words, it is a burried junction. Application of a highvoltage electrical pulse can partially deplete the burried junction. Conductivity measurements are used to determine the depletion depth. With this device, it is possible to study the origin of the reverse biased junction leakage current without any influence of surfaces. Preliminary studies showed that gamma radiation from the environment can influence measurements. Experiments with monodes are in progress and we hope that the dominant recombination center(s) can be characterized.
The understanding of the role of hydrogen dissolved in germanium-has rapidly advanced in recent times. As 
